Introduction: Assessment for cardiovascular autonomic neuropathy (CAN) remains difficult in everyday clinical practice. We sought to examine the diagnostic utility of various simple tools for diabetic peripheral neuropathy (DPN) in the detection of CAN in type 2 diabetes mellitus. Methods: We examined 153 type 2 diabetes mellitus subjects by various DPN tools (vibration perception threshold, 10 g Semmes-Weinstein monofilament, Ipswich touch test, NCstat Ò /DPNCheck, neuropathy disability score) for the detection of CAN. CAN was diagnosed by the standardised cardiovascular autonomic reflex function tests. Results: For the diagnosis of CAN, assessment of small nerve fibre function (pinprick sensation, temperature perception) yielded a very high negative predictive value (97%), with high sensitivity (89%) and moderate specificity (73%). The vibration perception threshold was second in diagnostic utility (91% negative predictive value, 62% sensitivity and 75% specificity). Conclusions: Based on their high negative predictive value, simple tools for DPN may prove useful to exclude CAN in type 2 diabetes mellitus. These encouraging results merit further evaluation to enable wider screening for CAN.
INTRODUCTION
Cardiovascular autonomic neuropathy (CAN) is defined as the impairment of cardiovascular autonomic control in humans with diabetes mellitus after exclusion of other causes [1, 2] . CAN may lead to life-threatening complications including coronary ischaemia, silent myocardial infarction, arrhythmias and sudden cardiac death [1, 2] .
Cardiovascular autonomic reflex function tests (CARTs), as proposed by Ewing in 1970, are considered the gold standard for the diagnosis and staging of CAN [3] . Nonetheless, new evidence has shown a diminished diagnostic utility of the handgrip test, and so it has been abolished by expert groups in the most recent guidelines [4] . Even by performing four instead of five tests, the so-called ''Ewing's battery'' remains a time-demanding approach and depends on patient co-operation. In view of these limitations, previous studies have aimed to simplify the diagnosis of CAN in type 2 diabetes mellitus (T2DM) [5] [6] [7] [8] [9] . However, they did not eliminate the need for special equipment and trained personnel [5] [6] [7] [8] [9] . Thus, a simple, noninvasive, easily available screening test for CAN is still required.
Conversely, diagnosis of diabetic peripheral neuropathy (DPN) is based on simple bedside diagnostic tools [10] [11] [12] . Among these, the neurothesiometer, the 10 g Semmes-Weinstein monofilament and Ipswich touch test assess large nerve fibre impairment [10, 11] . The portable NC-stat Ò /DPNCheck TM device also assesses large fibre function (automated sural nerve conduction study) [13, 14] . Temperature and pain perception assess small fibre function [1, 3] . Overall, the established Neuropathy Disability Score (NDS) is a clinical examination score reliably assessing both small and large fibre function [1, 3] .
Therefore, the aim of the present study was to examine the diagnostic utility of various simple and affordable tools for DPN to detect CAN in individuals with T2DM.
METHODS

Patients
This study included 153 T2DM participants (92 men, 61 women) with mean age of 64.4 ± 7.8 years and mean T2DM diabetes duration of 12 years (1-34 years). CAN was present in 26 individuals (17%) and DPN in 53 individuals (34.6%). All participants attended the Diabetes Centre of the Second Department of Internal Medicine at Democritus University of Thrace, Greece. This study received approval from the institutional ethics committee. The study was conducted in accordance with the Declaration of Helsinki 1964 and its later amendments. Informed consent was obtained from all participants of this study.
Participants were selected randomly to avoid selection bias. The following procedure was used, as described earlier [12] : Two T2DM persons who were about to attend a scheduled appointment in the Diabetes Centre were chosen randomly by a member of the administrative staff and were informed prior to their appointment on the purpose of the study.
Exclusion criteria were as follows: age C 85 years, mental illness, inability to complete the examination and other causes of neuropathy [15, 16] . In addition, patients with proliferative retinopathy were excluded from the Valsalva examination [2] . Age C 85 years was chosen among exclusion criteria because autonomic function responses have shown a significant decline with increasing age and because agerelated values of the expiration to inspiration ratio assessed during heart rate variation with deep breathing do not apply for individuals aged [ 85 years [2, 5] .
Assessment of CAN
CAN was assessed by the four standardised CARTs as described by Ewing in 1970: heart rate variation with deep breathing with assessment of expiration to inspiration (E/I/) ratio, heart rate analysis in the standing position (the 30:15 ratio), the Valsalva ratio and the postural change of blood pressure [2, 5] . Each examination took place early in the morning (07:00-09:00 a.m.) in a quiet environment and at a steady room temperature (22-24°C) . Participants were instructed to avoid food and particular pharmacological agents (antidepressants, neuroleptics, nicotine and caffeine) for the 12 h preceding the examination. Participants were further requested to avoid insulin and hypoglycaemic agents on the day of the procedure [12] .
Examination was carried out with the use of the computer-aided system Varia cardio TF5 (MIE Medical Research, Leeds, UK) [12] . An E/ I ratio above the age-related reference value, a Valsalva ratio C 1.21, a posture ratio C 1.04 and a systolic blood pressure reduction in response to standing B 10 mmHg were considered normal [12] . An E/I ratio below the age-related values, a Valsalva ratio B 1.10, a posture ratio B 1.00 and a systolic blood pressure fall in response to standing C 20 were considered abnormal. Each of the items was scored as 0 for normal, 1 for borderline, and 2 for abnormal. CAN was defined as C 2 abnormal tests [2, 5] .
Assessment of DPN: Large Nerve Fibres
Large nerve fibre function was assessed by a variety of diagnostic tools [15] [16] [17] [18] [19] [20] [21] . Vibration perception threshold (VPT) was measured with a neurothesiometer (Horwell Scientific Laboratory Supplies, London, UK) on the pulp of the hallux. Given the low sensitivity of the 25 V threshold for early detection of DPN [17] , the lower threshold of C 16 V was preferred [18] .
Moreover, the 10-g Semmes-Weinstein monofilament was applied in an arrhythmic manner at ten sites of each lower extremity: the distal part of the great toe, third and fifth toe, first, third and fifth metatarsal bones, medial foot, lateral foot, heel and dorsally between the great and second toe. Sites with ulcer, scar, callus and necrotic tissue were avoided [19, 20] . Inability to perceive at least two sites in at least one lower extremity was defined as abnormal [20] .
Examination further included the Ipswich touch test [21] . The examiner applied mild pressure with the index finger for approximately 1-2 s in the apex of the first, third and fifth toe of each lower limb. Inability to perceive at least two touches (out of the six overall for the two lower extremities) was characterised abnormal [21] .
The portable, non-invasive NC-stat Ò / DPNCheck TM device (NeuroMetrix, Inc., Waltham, MA) [13, 14] was used for automated sural nerve conduction study. Examination was considered abnormal when amplitude was\4 lV and/ or when conduction velocity was \ 40 m/s in at least one of the two lower extremities [14] . In this approach, we did not use absolute values of amplitudes and/or nerve conduction velocities. Instead, a qualitative evaluation of NC-stat Ò / DPNCheck TM data (normal or abnormal result) was applied, as in a previous study [14] .
Finally, Achilles reflexes and vibration perception with the use of a 128-Hz graded tuning fork at the apex of the hallux were separately assessed as the large nerve fibre components of NDS [16] . The test was considered positive when at least one of these two parameters was abnormal in at least one foot.
Assessment of DPN: Small Nerve Fibres
The small fibre NDS components pinprick sensation and temperature perception (with a Tiptherm rod) were used [22] . The test was considered positive for small nerve fibre impairment when at least one of the two parameters was abnormal in at least one lower extremity.
Overall DPN Assessment: Both Large and Small Nerve Fibres
Finally, DPN was assessed with the use of NDS [23] . Three parameters (pinprick sensation, temperature perception and vibration perception threshold) were scored as normal (0) or abnormal (1), whereas Achilles reflexes were scored as present (0), present with reinforcement (1) and absent (2) . A sum of components C 3 was considered diagnostic of DPN [23] .
Statistical Analysis
Statistical analysis of the data was performed using the Statistical Package for the Social Sciences (SPSS, Chicago, IL), version 19.0. Normality of quantitative variables was tested with the Kolmogorov-Smirnov test. Normally distributed quantitative variables were expressed as the mean ± standard deviation (SD), while non-normally distributed quantitative variables were expressed as median and range (min to max). Categorical variables were expressed as frequencies (and percentages). Sensitivity, specificity, positive (PPV) and negative predictive values (NPV) were calculated, while Cohen's kappa was used to assess agreement. All tests were two-tailed and significance was defined at the 5% level (p \ 0.05). Table 1 shows the diagnostic accuracy of the various diagnostic tools for DPN in the diagnosis of CAN. Assessment of small nerve fibre function with the use of NDS (pinprick sensation, temperature perception) yielded the best NPV (97%) for the diagnosis of CAN, with high sensitivity (89%), moderate specificity (73%) and PPV 40%. VPT exhibited the second best NPV of 91%, with a moderate sensitivity (62%) and specificity (75%). 
RESULTS
DISCUSSION
This study has shown that assessment of small nerve fibre function (pinprick and temperature sensation) yielded an extremely high NPV (97%), with high sensitivity (89%) and moderate specificity (73%) for the diagnosis of CAN. VPT C 16 V was second in diagnostic utility with a high NPV of 91% and an adequate sensitivity (62%) and specificity (75%). Overall agreement of patient classification according to the different DPN diagnostic tools was [ 65% for all tools, except for the evaluation of large nerve fibre function by NDS. Hence, based on the very high NPV shown in our results, it appears that simple bedside tools recommended by current guidelines for the diagnosis of DPN [16] may prove useful to exclude CAN.
Previous studies have also attempted a simplification of CAN diagnosis through the use of DPN diagnostic tools. These primarily focused on evaluation of the diagnostic performance of sudomotor function (i.e. sweating) [12, [23] [24] [25] [26] . In a mixed population including 45 individuals with type 1 diabetes mellitus (T1DM) and 25 healthy volunteers, the sensitivity and specificity of Sudoscan (Impeto Medical, Paris, France) for CAN (defined as C 1 abnormal out of the 5 CARTs originally proposed by Ewing) was 65% and 85%, respectively [25] . In another study [24] , Sudoscan yielded high sensitivity (92%) and moderate specificity (49%) for CAN diagnosis (defined as one abnormal out of three CARTs) among 232 T2DM participants. Casellini et al. [26] studied the Spearman correlation coefficient of Sudoscan with three Ewing CARTs and with the Fourier-based method for the spectral analysis of heart rate variability. However, sensitivity, specificity and the NPV of the method were not evaluated [26] . Recently, Sudoscan reached a sensitivity of 83% and a specificity of 67% for confirmed CAN diagnosis (defined as C 2 out of 4 abnormal CARTs) among 102 individuals with diabetes (T1DM and T2DM) [27] . This finding confirmed previously published results among 75 T2DM Chinese individuals of adequate sensitivities and specificities of application of Sudoscan for hands (sensitivity 76.7% and specificity 75.6%s) and feet (sensitivity 80% and specificity 60%) in the screening of diabetic CAN [28] .
One of the leading studies in this context was published by Liatis et al. in 2007 [29] . This evaluated the indicator test for sudomotor function Neuropad (TrigoCare GmbH, Wiehl, Drabenderhöhe, Germany). The authors assessed the diagnostic utility of the latter for CAN diagnosis (defined as two abnormal out of four CARTs) in 108 T2DM and 9 T1DM human participants [29] . The diagnostic performance of Neuropad for CAN was moderate (sensitivity 59.1%, specificity 46.5%). However, its NPV was very high (92.1%) with high sensitivity (80.9%) and moderate specificity (50%) compared with severe CAN [29] .
Recently, in a study of 154 T2DM subjects, the use of Neuropad was associated with a high sensitivity (70.1%) for the diagnosis of CAN (defined as at least one abnormal out of three CARTs) and high PPV (72.1%) but with a very low NPV [30] . In this study, the heart rate variation during deep breathing and the Valsalva test were associated with parasympathetic nervous system impairment. Compared with these, Neuropad exhibited a good diagnostic performance (sensitivity 76-78%, specificity 35-40%, NPV 70-82%) [30] .
In a similar study of 265 T2DM participants [31] , abnormal sudomotor function, as evaluated by Sudoscan, was significantly correlated only with orthostatic hypotension. On the contrary, no association was detected with the three CARTs related to heart rate variability.
Importantly, our study differs from those mentioned above in terms of design. Indeed, we did not compare the diagnostic utility of a method assessing the sympathetic nervous system in the lower extremities with the gold standard for CAN diagnosis. Instead, we evaluated a variety of simple available DPN tools, which separately evaluate large and small nerve NDS neuropathy disability score, NPV negative predictive value, PPV positive predictive value, VPT vibration perception threshold fibres, and we sought to define their diagnostic performance for CAN. The present work has its limitations. First, we did not distinguish between different degrees of CAN severity. Instead, we classified CAN as present/absent, attempting a simplification of its diagnosis. The lack of prospective data represents an additional limitation, but this was beyond the scope of this work. Moreover, the tertiary health care centre suggests that caution is required before applying our findings in the general diabetic population. Finally, during separate evaluation of the diagnostic utility of each CART and each DPN diagnostic tool, subanalysis of data was required, which unavoidably led to a smaller sample size.
The practical implications of the present study may be outlined as follows. Due to its high NPV, simple assessment of small nerve fibre function can be used as a screening tool to exclude CAN. Moreover, VPT C 16 volts may exclude CAN. Thus, CAN might be more easily excluded thanks to the use of these simpler, quicker and more widely available tools. Arguably, through this exclusion of CAN we might save time and resources by reserving further demanding and expensive diagnostic tests for humans with positive screening results. Nonetheless, it is premature to suggest that such simple tests could currently replace the established diagnosis of CAN. Furthermore, our approach offers no information on CAN severity.
CONCLUSIONS
This study has shown that assessment of small nerve fibre function by NDS (pinprick sensation, temperature perception) is the best DPN tool to exclude CAN in T2DM. This is followed by VPT. These encouraging results warrant further evaluation to facilitate wider screening for CAN, which remains a hugely under-diagnosed complication of diabetes [2, 8] .
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